Background. Clinical characteristics of fragile X syndrome (FXS) have been well documented in Caucasians, whereas in Asians they have rarely been described. Those that have been conducted used small cohorts that utilized DNA for diagnosis and larger cohorts that utilized cytogenetics for diagnosis. This study is to describe clinical characteristics of FXS in a large cohort of Thai patients diagnosed by standard molecular methods. Methods. Seventy-seven index cases and 46 affected relatives diagnosed with FXS were recruited into the study. To determine frequencies of common characteristics of FXS in prepubertal boys, we reviewed 56 unrelated cases aged between 18 and 146 months. To list rare medical problems, we reviewed 75 cases aged between 8 months to 71 years old, including 53 index cases and 22 affected relatives. In addition, we selected 16 clinical studies from various ethnicities for comparison with our findings. Results. In prepubertal boys with FXS, attention deficit and/or hyperactivity, prominent ears, macroorchidism, and elongated face were observed in 96%, 80%, 53%, and 48% of patients, respectively, whereas recognizable X-linked inheritance presented in 11% of patients. IQ scores ranged between 30 and 64 (mean ± SD = 43 ± 9, = 25). We observed clinical findings that rarely or have never been reported, for example, medulloblastoma and tetralogy of Fallot. Conclusion. Attention deficit and/or hyperactivity and prominent ear are the most common behavioral and physical features in prepubertal boys with FXS, respectively. There are differences in frequencies of clinical characteristics observed between ethnicities; however, it is difficult to draw a solid conclusion due to different recruitment criteria and sample sizes within each study.
Introduction
Fragile X syndrome (FXS; OMIM#300624) is one the most common causes of intellectual disability, with a prevalence of approximately 1 : 4,000 in males and 1 : 6,000 in females. The gene responsible for FXS, fragile X mental retardation 1 (FMR1) gene, is located on chromosome Xq27.3. FXS is associated with an unstable expansion of CGG trinucleotide repeats within the 5 untranslated region of the gene. Alleles with between 5 and 54 CGG repeats and between 55 and 200 CGG repeats are classified as normal and premutation (PM), respectively. A full mutation (FM) allele is defined as having more than 200 CGG repeats. Individuals with the FM allele exhibit a broad spectrum of clinical characteristics [1] [2] [3] [4] [5] .
DNA testing for FXS is strongly recommended for all children with developmental delay of unknown causes. Most males with FXS have moderate intellectual disability [2, 3] . Classic features of FXS are elongated face, large and protruding ears, and macroorchidism. Other physical features and medical problems may include high-arched palate, strabismus, refractive error, frequent sinusitis and otitis, excessive joint laxity, hyperextensible metacarpophalangeal joints, double-jointed thumbs, flat or pronated feet, softness and smoothness of the skin, hand calluses, cardiovascular 2 International Journal of Pediatrics abnormalities (e.g., aortic root dilation, mitral valve prolapse), neurological involvement (e.g., hypotonia, motor incoordination, and seizure), gastrointestinal problems (e.g., gastroesophageal reflux, constipation, and loose bowel movements), obstructive sleep apneas, and unusual growth patterns (e.g., increased birth weight, macrocephaly). Behavioral features such as attention deficit, hyperactivity, autistic-like behaviors, shyness, social anxiety, tactile defensiveness, aggressiveness, sleep problems, and stereotypies (e.g., tics, hand mannerisms) are frequently observed among individuals with FXS [1] [2] [3] [4] [5] . Affected females normally have less clinically severe manifestations than affected males and the degree of such manifestations depends largely on the degree of X-inactivation of the abnormal X chromosome [4] .
While information regarding the clinical characteristics of FXS has been well documented in Caucasians, it has rarely been described in Africans and Asians. In Thailand, prevalence of FXS among Thai boys with developmental delay was about 7% [35] . There is another earlier report on the clinical characteristics of FXS in a very small cohort of Thai patients with FXS [36] ; however, a systematic review in a larger cohort of Thai patients has never been carried out. Previous studies in other groups of Asians have also been conducted in small cohorts of patients, ranging from 10 to 25 patients per study. However, these studies had only limited use because they either utilized molecular methods for diagnosis in small cohorts of patients or utilized cytogenetic method for diagnosis (Table 1) . Over the years we have faced difficulties when providing genetics counseling, due to lack of current local information as the information regarding frequencies of clinical characteristics of FXS was from studies in Caucasian patients. The first aim of this study was to determine the frequencies of common clinical characteristics of Thai prepubertal boys with FXS. The second aim was to describe rare medical problems in a cohort of Thai patients with FXS. The third aim was to compare our findings with relevant studies from various world areas.
Methods

Study Participants.
We reviewed a retrospective cohort of Thai patients diagnosed with FXS between April 1993 and June 2015. Inclusion criteria were patients with FXS who were diagnosed by molecular methods and had a 5-item clinical checklist [37] and/or medical record available. These patients were referred from multiple locations in Thailand to our institution (Faculty of Medicine, Prince of Songkla University), the leading diagnostic center for FXS in Thailand. A total of 123 Thai patients from 77 families, including 99 males and 24 females, were diagnosed with FXS during the study. These patients were from 11 hospitals, including 87 patients from our institutions (Faculty of Medicine, Prince of Songkla University and Faculty of Medicine, Ramathibodi Hospital, Mahidol University). All individuals diagnosed with FXS had over 200 CGG repeats. Of these, 11 males and 2 females were mosaic for FM and PM. After the physical examination, the checklists were filled out and sent to our laboratory along with the patient's blood specimens.
Upon receiving patient's blood specimens, we performed DNA analysis. Briefly, the lengths of CGG repeat segments were analyzed using either the modified nonradioactive PCR method [35] or fluorescent PCR fragment analysis. The methylation status of the FMR1gene was screened using methylation-specific PCR [38] . EcoRI/EagI double digestion and Southern blot analysis using the StB12.3 probe results were accepted as the gold standard for the diagnosis. We utilized the Southern blot analysis to confirm diagnosis in all affected cases and suspicious cases. Once the diagnosis of FXS was made in an index case, we contacted his/her family to further examine for FXS status in relatives and genetic counseling was given at that time.
Data
Collection. This study utilized existing records and conducted record reviews. To determine frequencies of common clinical characteristics based on the 5-item clinical checklist in prepubertal boy with FXS, 56 unrelated prepubertal boys, who had the clinical checklist available, were reviewed. Of the 56 unrelated prepubertal boys with FXS, 11 boys were mosaic for FM and PM. At the time of diagnosis, all patients received a physical examination at our institutions, except 4 cases with only the 5-item clinical checklist and 3 cases with the 5-item clinical checklist and medical records were referred from other hospitals. The common clinical characteristics were measured by using standardized measures except for elongated face that was based on physician judgment.
The 5-item clinical checklist items included family history, elongated face, prominent and large ears, attention deficit and/or hyperactivity, and macroorchidism. Regarding inheritance pattern, we defined X-linked inheritance when at least two individuals with intellectual disabilities present in a family in more than one generation without a male to male transmission. Inheritance patterns were analyzed from an existing pedigree, which was taken by authors and other physicians at the time of the diagnosis. Family history included learning difficulties, developmental delay, and intellectual disabilities, which were recorded in the pedigree of at least 3 generations. The judgment of having an elongated face was primarily based on a clinical impression of a long jaw together with a high forehead. Prominent ears were diagnosed when the angle of the ear and the face was nearly 90 degrees and when the longest axis of the ears measurement was greater than the 95th percentile of the standard scale [39] . Macroorchidism was diagnosed when testicular volume measured with a Prader orchidometer was greater than the 95th percentile of the modified standard scale [39] (age ≤ 8 years, 1-2 ml: score = 0, 3 ml: score = 1, >3 ml: score = 2 or age >8 years, 95th percentile −2 ml: score = 0, 95th percentile ±1 ml: score = 1, 95th percentile +2 ml; score = 2). Attention deficit and hyperactivity were diagnosed according to the DSM-IV criteria and scored (none; score = 0, either attention deficit or hyperactivity; score = 1, both attention deficit and hyperactivity; score = 2). In addition, autistic-like behaviors were recorded when one of the following behaviors was presented: poor eye contact, tactile defensiveness, hand biting, hand flapping, and delayed or perseverative speech. Combined data from males with fully methylation, males with partial methylation, and males with mosaic FM/PM. Mean age and sample size for prepubertal males in fully methylation group, partial methylation group, and mosaic group were 6.4 ± 3 ( = 96), 6.4 ± 3 ( = 5), and 6.9 ± 3.1 Number of males and females was not specified. To list rare medical problems, we reviewed medical records of both unrelated patients with FXS and their affected relatives who had medical records available, including 53 unrelated index cases (52 males and 1 female) and 22 affected relatives (16 males and 6 females). Of these 75 cases, 70 cases were patients in our institutions and the remaining cases were referred from other hospitals (Figure 1 ).
Medical record data were extracted from patient history files and laboratory request forms. These data included chief compliant, age at diagnosis, intelligence quotient (IQ), developmental profile, behavioral patterns, and medical problems. Data extracted from the 5-item clinical checklist and medical records were recorded in Microsoft Excel.
In addition, we carried out a literature review on the topic of frequencies of clinical characteristics associated with FXS. We searched for relevant articles using PubMed with the primary keyword "fragile X syndrome," as associated with the other keywords: clinical, characteristics, phenotype, population, and frequency. Only articles that were accessible and published in English were selected for the review.
Statistical Analysis.
Logistic regression analysis was used to answer the question of which item in the 5-item clinical checklist was related to age at diagnosis. We grouped the 56 unrelated prepubertal boys into 2 groups, a group of boys diagnosed <8 years old ( = 37) and ≥8 years old ( = 18). For binary traits (presence/absence of characteristic), logistic regression analysis was also used to evaluate possible associations between ethnicity and the presence of the physical characteristics in the 5-item checklist.
The study was approved by the Research Ethics Committee (no. 58-239-05-1).
Results
Age of Diagnosis and Chief Complaint.
The 56 unrelated prepubertal boys had been diagnosed between 18 and 146 months of age (mean ± SD = 75.3 ± 36.2). About 51% of the diagnoses were made when the children were between the ages of 5 and 10 and 33% at under 5 years of age. Only 22% of our patients were diagnosed with FXS when the child was under 36 months of age. The two most common chief complaints that led the parents/caregivers to seek medical attention were developmental delay and school problems, for example, learning difficulties and attention deficit.
Development and Intellectual Function.
All prepubertal boys in the study had developmental delay, especially language delay. Language delay was warranted when children cannot speak any meaningful words at the age of 15 months and could not speak at least three meaningful words at the age of 18 months. The latter did not consider names of familiar people. Speech delay was determined when children could not speak two-word phrases and had vocabulary of less than 50 words or when children could not speak complete sentences, or 50% of speech could be understood by strangers at the age of 36 months. A total of 25 boys had IQ scores evaluated, either using the Stanford-Binet Intelligence Scale or the Wechsler Intelligence Scale for children. Their IQ scores ranged between 30 and 64 (mean ± SD = 43 ± 9). According to the ICD-10 classifications, about 70% had an IQ indicating a moderate range of intellectual disability (IQ between 35 and 49). Mild (IQ between 50 and 69) and severe (IQ between 20 and 34) intellectual disabilities were documented in 17% and 13% of the patients, respectively. Regarding IQ and mosaicism status, 2 mosaic patients had moderate (IQs of 38 and 40) and the other 2 mosaic patients had mild (IQs of 50 and 57) intellectual disabilities.
Common Clinical Characteristics According to the 5-Item Clinical Checklist.
Out of the 54 families we studied, excluding an orphan patient and a patient with unknown family history, the X-linked pattern was observed in 6 families (11%). About 59% of the patients had no family history of intellectual disability. The remaining 30% of the patients had unclassified inheritance pattern.
The most common clinical characteristic in this cohort was attention deficit and/or hyperactivity, which was observed in 96% of the patients. Approximately 48% and 80% of the patients had an elongated face and prominent ears, respectively. Macroorchidism was observed in 53% of the patients (one of these patients who had unilateral macroorchidism that was apparent when he entered puberty was reported elsewhere [40] ). It is interesting to note that 44 prepubertal boys, including affected relatives, were younger than 8 years old, of whom 52% and 9% had obvious and borderline macroorchidism, respectively. Number of prepubertal boys with FXS for each clinical item according to the 5-item clinical checklist is shown in Supplementary Table 1 (in Supplementary Material available online at https://doi.org/10.1155/2017/9318346).
The findings from our literature review regarding frequencies of clinical characteristics associated with FXS are shown in Table 1 . In addition, other clinical characteristics recognized among the 56 unrelated boys including irritability (14%), hyperphagia (14%), hypertelorism (9%), thumb sucking (9%), hand flapping (9%), repetitive speech (9%), hand/nail biting (7%), talkative (7%), echolalia (5%), and toewalking (5%) were observed.
Logistic regression analysis was used to answer the question of which item in the 5-item clinical checklist was related to age at diagnosis. We found that effects of family history, facial elongation, and macroorchidism on age at diagnosis were not significant. However, boys with attention deficit and/or hyperactivity and those with large and/or prominent ears were more likely to be diagnosed at age of younger than 8 years (OR = 5.4, 95% CI = 1.1-25.2; OR =5.9, 95% CI =1.4-24.8, resp.) ( Table 2 ).
For binary traits (presence/absence of characteristic), we found that the presence of facial features (elongated face and large ears) and macroorchidism were significantly different among ethnic groups (Table 3) .
Rare Medical
Problems. Seizure was documented in 5 patients, excluding a patient with medulloblastoma. Among these five patients, one patient had 4 episodes of febrile seizure between the ages of one month and 5 years. For nonfebrile seizure patients, onset of seizure was between 2 years and 7 years of age and an electroencephalogram had been performed in 3 patients, with no definite abnormalities documented in 2 patients, and the other patient had had a tonic-clonic seizure with characteristic spike and sharp wave in the bilateral hemispheres. This latter patient was previously diagnosed with Sotos syndrome and pervasive developmental disorder. Other rare medical problems observed in this cohort are summarized in Table 4 . We observed very unusual clinical findings in Thai patients with FXS that have never been reported in the literature, including tetralogy of Fallot and primary amenorrhea.
Discussion
FXS Diagnosis, Development, and Intellectual Functioning.
In the era of molecular FXS diagnosis, FXS is still difficult to recognize and diagnose in all ethnic groups, which could be attributable to a lack of an obvious phenotype at birth and only subtle phenotypes during prepubescence. The mean age at diagnosis was 128.4 months (10.7 years) in a French study [41] , 51.4 months (4.3 years) in a South Korean study [42] , 35 to 37 months (2.9-3.1 years) in a US study [43] , 66 months in Australian study [44] , and 75 months (6.3 years) in our study. FXS is generally not diagnosed until developmental delay or learning difficulty becomes evident. Our study was in agreement with previous studies in that nearly all individuals with FXS have developmental delay, especially language delay [45] . Intellectual functioning as measured by standard psychological tests varies widely in individuals with FXS, ranging from average intelligence to severe intellectual disability. The variability of IQ scores is positively correlated with fragile X mental retardation protein status [4, 45] . Individuals with full methylation typically have IQ scores indicative of mild to moderate intellectual disability. For individuals with FXS mosaicism, the IQ scores normally indicate borderline to low average intelligence [4] . In our study, about 87% of the patients had IQ scores indicating a mild to moderate range of intellectual disability, regardless of mosaicism status. However, IQ measurement in individuals with FXS is challenging, partly due to a lack of tools sensitive enough for individuals with lower levels of cognitive functioning and also partly due to the fact that individuals with FXS tend to have attention problems which can limit their ability to complete certain aspects of any testing [45] .
A family history of intellectual disability was observed in between 30% and 92% of patients in different studies (Table 1) . Differences in observed frequencies may be influenced by different recruitment criteria and sample sizes. Given that FXS is X-linked inherited, one may expect the presence of multiple affected males in the family. Based on a study in "unrelated patients," we found that it was uncommon to see X-linked inheritance. An interesting point here is that we observed ∼60% of our patients without a family history of intellectual disabilities, implying that the absence of a family history of intellectual disability does not exclude the possibility of an FXS diagnosis.
Common Physical Characteristics.
It is known that the physical hallmarks of FXS, including elongated face, large and protruding ears, and macroorchidism, are subtle during early childhood and normally only become prominent in early adolescence. In this study, elongated face was observed in about half of the patients, comparable to a study in Caucasian prepubertal boys [4] . However, a study in 34 young Caucasian Americans and 2 African Americans observed a much higher frequency of elongated face in prepubertal boys (83%) [6] . In East and South East Asians studies, the prevalence of elongated face was higher in a Korean (90%) [21] than in Thai (48%) prepubertal boys with FXS ( = 0.015). For Turkish prepubertal boys with FXS, elongated face was statistically different between studies (83% versus 29%, < 0.001) [14, 15] . These studies indicate that even in young individuals with FXS, there is a wide variation of facial features among ethnicities and even within the same ethnicity. Logistic regression analysis showed that Americans FXS patients were more likely to have elongated face than Europeans and Indians, whereas no statistical differences were shown between Asians or Middle Eastern FXS patients and other ethnicities (Table 3) . Prominent ears were the second most common features in our patients, and large ears were also very common. These features are quite common across ethnicities, though with some variation. In Caucasian with FXS, there is a wide variation in frequency of large ears, varying from 24% to 100%, while they have been noted in 46% to 90% in Asians with FXS. In young Saudis with FXS, large ears were observed in 30% of the patients, close to 29% found in young Turkish boys with FXS (Table 1) .
Sample size difference is one of the factors which could explain such differences in frequencies of facial features observed in FXS among studies. The differences could also be attributable to different methods used to define such characters, whether by anthropometric measurement or by visual impression. The latter tends to be biased, depending on the individual physician's experience. In addition, it is somewhat challenging to do anthropometric measurements in young children with FXS as they are habitually hyperactive and dislike being touched (i.e., tactile defensiveness).
Macroorchidism is present in over 80% of postpubertal males. A dramatic increase in the size of testicles has been seen in FXS boys between 8 and 10 years old, probably as a result of gonadotropin stimulation [4] . In our study, all postpubertal males had macroorchidism (data not shown) and about half of the prepubertal boys had it. Approximately 52% of prepubertal boys younger than 8 years old had testicular volumes greater than the 95th percentile, comparable with a study by Butler et al. 1991 [39] , which found that more than 50% of boys with FXS had testicular volumes greater than the 95th percentile. Studies in males with FXS younger than 20 years old have found that macroorchidism was not very common in middle east countries (Turkey, Saudi Arabia, and Egypt), with frequencies of 11-23%, 15%, and 21%, respectively, while it was more common in Thais and Koreans, with frequencies of 53% and 70%, respectively [13-15, 17, 21] . For Americans with FXS younger than 20 years of age, macroorchidism was observed in frequencies ranging from 19% to 63% [6] [7] [8] . The difference between frequencies of macroorchidism in young individuals with FXS could be attributable to testicular volume's cut-off criterion. For example, while other studies used testicular volumes of greater than the 95th percentile or approximately >2.5 ml [4, 39] , a less frequency of macroorchidism in one study used a testicular volume of >4 ml to define macroorchidism. The latter study observed that only 4% of boys with FXS at ages less than 7 years had significant macroorchidism; however, mean testicular volumes of those boys were significantly larger than boys without FXS at the same age. At 8 to 10 years old, all of their patients with FXS had testicular volume more than 3.75 ml [18] . 
Common Behavioral Characteristics.
In this study, we found that hyperactivity and/or attention deficit were the most common symptoms for FXS, especially in young boys. Various studies have found that hyperactivity and/or attention deficit were common among both Caucasians and Asians with FXS (Table 1 ). Hyperactivity and/or attention deficit were observed as the most common features in FXS in some studies [15, 17, 21, 46] . Symptoms have been found to manifest even in high-functioning boys with FXS, although in such patients the symptoms usually improved with age [4] . Autistic-like behaviors such as hand flapping, hand biting, perseverative speech, shyness, and poor eye contact have been observed in a number of individuals with FXS; however, only 15-28% of them fulfilled the DSM-III-R or DSM-IV criteria for the diagnosis of autism [4] . In this study, autistic-like behaviors were described in 27% of unrelated patients; however, only two patients were diagnosed with autism before the FMR1 DNA testing was performed.
Shyness and social anxiety are observed among individuals with FXS and in females more than males. In males, hyperactivity, attention deficit, and impulsivity are often more prominent than shyness and social anxiety. In this study, approximately 20% of the boys had shyness. Shyness is sometimes difficult to distinguish from autistic-like behavior; however, children with shyness are able to communicate. Shyness is observed when children attempt to avoid or have minimal eye contact and communication with strangers (physicians and nurses) but not with familiar people (parents and relatives). This number is less than that of Caucasians (58%) [7] . Aggressiveness is a more of a problem in adolescent men with FXS but is not usually an issue later in life [4] . We also observed aggressiveness in boys with FXS less often than reported in studies of Caucasians (Table 1) .
Rare Medical Problems.
Seizure is the most common neurologic abnormality in FXS. Incidence of seizures in FXS has been reported ranging from 4.4% to 20% [5, 47] . The characteristics of seizure reported in individuals with FXS have been variable. Tonic-clonic seizure, complex partial seizure, simple partial seizure, and febrile seizure have been reported in FXS, with status epilepticus only rarely reported. Partial seizures are more common than generalized seizures in FXS [4, 5] . In the current study, unknown cause of seizure was documented in 5 patients (∼7%) and we found no specific characteristics of seizure and EGG pattern as mentioned previously.
Interestingly, we found a patient who presented with seizure. Upon investigation, medulloblastoma was diagnosed in this patient. Medulloblastoma is a posterior fossa tumor and is the most common malignant childhood brain tumor. Occurrence of medulloblastoma has rarely been reported in individuals with FXS (Table 4 ). It was suggested that FMRP may be related to oncogenesis of medulloblastoma through a loss of FMRP resulting in reduced -catenin levels and a defective Wnt signaling pathway, where both pathways have been implicated in medulloblastoma oncogenesis [23] . Other brain tumors have rarely been reported in FXS. Kalkunte et al.
[2007] reported a 10-year-old boy with FXS and inoperable midbrain glioblastoma, who was still alive 8 years after diagnosis [48] .
Cardiac involvement in FXS usually presents with mitral valve prolapse and aortic root dilatation, which are more prevalent in adults than children with FXS. The prevalence of mitral valve prolapse and aortic root dilatation in children was lower at about 6% [9] . A recent study showed less frequency of mitral valve prolapse at birth to 55 years old at about 0.8% [5] . In the current study, we did not see FXS individuals with mitral valve prolapse and/or aortic root dilatation. We, herein, had seen the patient of a boy with FXS who had a more complicated cardiac defect, and, to the best of our knowledge, we are the first to report this particular conotruncal heart defect in FXS. Nonetheless, we are aware that our observation could be a coincidental finding. Tetralogy of Fallot is recognized in certain genetic syndromes, including 22q11.2 deletion and trisomy 21. Mutations in NKX2-5 (5q35.1), GATA4 (8q23.1), ZFPM2 (8q23.1), GATA6 (18q11.2), GDF1 (19p13.11), JAG1 (20p12.2), and TBX1 (22q11.21) have been reported in sporadic cases with tetralogy of Fallot; however, interaction of these genes and FMR1 gene has never been reported [49] . In addition, one characteristic we found in our study has never been reported elsewhere, at least to the best of our knowledge, which is primary amenorrhea in females with FM, although this may be a coincidental finding.
Conclusion
Our study provides insight into the clinical characteristics of FXS in Thai patients and in comparison to other ethnicities, which is necessary for genetic counseling. Our study has limitations as it was a retrospective review from available medical and laboratory records. Furthermore, some patients were lost to follow-up after the diagnosis was made. It is also difficult to draw solid conclusions with respect to differences in frequencies of clinical characteristics observed between ethnicities, partly due to different recruitment criteria and sample sizes. Our review is at least adding to the knowledge on FXS and may be useful in further studies.
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